ABSTRACT
species using filter traps than were obtained using funnel traps. The spores of 37 fungal species 23 that produced fruiting bodies in the study plots were identified. Spore community composition 24 changed considerably over time due to the emergence of ephemeral fruiting bodies and rapid 25 spore deposition (lasting from one to two weeks), which occurred in the absence of rainfall 26 events. For many species, the emergence of epigeous fruiting bodies was followed by a peak in 27 the relative abundance of their airborne spores. There were no relationships between fruiting 28 body yields and spore abundance in time for only two out of seven fungal species. There was no
INTRODUCTION

46
Wild edible fungi are highly important non-wood forest products and are increasingly in demand 47 at food markets worldwide (1) . Up to 268 fungal taxa have been authorized to be commercialized 48 in Europe (2), of which the most important marketed mushrooms are Boletus edulis, Cantharellus 49 cibarius, Lactarius deliciosus, Morchella esculenta, and Agaricus campestris (2, 3). Spain, the may mean that the spore collection performance of these two traps is different. Despite the 79 potential of these traps to capture fungal spores, to date, no quantitative relationship between 80 fruiting bodies and airborne spores has been established.
81
Besides the type of trap, the dispersal capacity of the spores also affects spore detection. Unlike therefore, these species were not searched for within the spore community.
121
Spore abundance estimated by trapping techniques and molecular methods
122
MiSeq data revealed that the relative abundance of L. vinosus was significantly higher in filter 123 traps than in funnel traps (F-value [1, 15] = 4.982, P<0.001, Table 2 ), representing on average 5.55 124 and 0.48 per thousand of the total number of reads, respectively (i.e., nearly 10-times more 125 abundant in filter traps than in funnel traps; Table 2 ). However, when using qPCR, the number of 126 L. vinosus spores trapped by the filter and funnel traps did not seem to be significantly different
127
(F-value [1, 15] = 0.062, P = 0.951; Table 2 ). When using funnel trap data, the spore abundance of L. 128 vinosus estimated by qPCR correlated with that estimated by MiSeq (F-value [1, 59] = 27.53,
129
P<0.001, R 2 = 0.3, Fig. 1a ). However, there was not relationship between spore abundance of L.
8
The spore community composition varied significantly across the weeks (F [7, 59] = 3.727, R 2 = 140 0.27, P<0.001) and plots (F [7, 59] = 3.458, R 2 = 0.25, P<0.001). The temporal effect (across weeks) 141 was as high as the spatial effect (across plots), and together accounted for more than 50% of the 142 total variation. The abundance of spores of different species found in the traps fluctuated over the 143 sampling period, especially those of ectomycorrhizal fungal species (Fig. 2a, 2b ).
144
Three saprotrophic (Marasmius androsaceus, Clitocybe phaeophthalma, and Hypholoma 145 fasciculare) and two ectomycorrhizal fungal species (Russula torulosa and Russula chloroides) 146 showed signs of having highly ephemeral fruiting bodies. Spore production by most of these 147 species peaked one or two weeks after fruiting body production but then ended abruptly (Fig. 3a,   148 3b). Species with at least three spore production peaks during the study period showed a 149 significant relationship between fruiting body yields and their spore abundance; for example,
150
Mycena pura (F-value [1, 51] of L. perlatum increased with time and did not correspond to the variable fruiting body 162 production (Fig. 3a) , and the spore abundance of I. glabripes peaked at the start of the season,
163
which was not reflected at the fruiting body level (Fig. 3b) .
164
Relationship between spores and fruiting body production at plot level
165
At plot level, only spores of saprotrophic fungal species correlated with fruiting body production
166
(F [1, 48] = 4.11, P = 0.048, Fig. 5a ). These significant differences were mainly attributed to the 167 effect of one plot, in which large quantities of both spores and fruiting bodies were recorded. found in only a few plots but their spores were collected in a greater number of plots (e.g.,
174
Mycena pura, Fig. 5c ). In other cases, the plots with high levels of fruiting body production also 175 had the highest spore abundance, but no quantitative relationships were found (e.g., Lactarius 176 vinosus, Fig 5d) . Amongst the saprotrophic fungal species there was a clear altitudinal pattern
177
(F [1, 6] = 2.48, P = 0.047, Fig. 6 
236
We showed that a peak in ephemeral fruiting bodies was followed by a peak in the numbers of 237 spores that were trapped. For most of the species, the spore peak mostly disappeared two weeks Lycoperdon perlatum. Although the spore abundance and fruiting body yields observed for I.
241
glabripes showed a similar pattern, the lack of relationship between these two measures was most 242 likely caused by a peak in spore abundance that was not reflected at the fruiting body level.
243
Interestingly, the spore abundance pattern for L. perlatum suggests a progressive and slow spore 244 deposition over time; the lack of relationship between spore abundance and time could be 245 because these spores are rarely falling unless a rainfall event occurs, such as the event occurred 246 during the week of December 4 th , which most likely washed away all the spores.
Some species produced fruiting bodies but their spores were not found among the spore 248 community. Possible explanations for this include: i) these species had a very short range of 249 dispersal, or ii) their sporulation was very small compared with the rest of the species.
250
Alternatively, these species could have a very long ITS2 sequence and, thus, be underrepresented 251 using MiSeq sequencing. We investigated whether this was a plausible explanation by studying 252 the ITS2 region length of these species using ITS sequences from UNITE, specifically if the 
MATERIALS AND METHODS
270
Study area
271
The study was carried out at a long-term experimental set-up located in the Natural Area of can be found in Table 3 .
279
Fruiting body sampling
280
All plots were sampled for mushroom production weekly during the fall (October-December vinosus DNA were performed following the methods described in a previous study (11).
338
Spore trap sample sequencing using Illumina MiSeq
339
Each spore trap sample was PCR-amplified using the primers fITS7 and ITS4 (41), which 
357
Quality control and bioinformatic analysis
358
Quality control, filtering, and clustering were assessed using the SCATA pipeline
359
(scata.mykopat.slu.se). Sequences were filtered to remove data with a minimum allowed base 360 quality score of <10 at any position, an average quality score of <20, and a minimum sequence 361 length of 200 bp, using the amplicon quality option. Sequences were also screened for primers 362 (using 0.9 as a minimum proportional primer match for both primers) and sample tags. We used
363
'usearch' as a search engine, considering a minimum match length of 85%. Homopolymers were 364 collapsed to 3 bp before cluster analysis. Pairwise alignments were conducted using a mismatch represented species that produced fruiting bodies in at least two plots for at least two weeks.
409
We analyzed the temporal (week) linear relations between spore abundance and the mushroom 410 yields using LME models, using square root transformed qPCR and MiSeq data. To test for 411 lagged relationships, different LME models were tested, with and without accounting for one-412 week temporal autocorrelation among observations (corAR1(form~week)). The best model fit was selected using the Akaike information criterion (AIC) value. We confirmed this lagged
414
relationship with LME models using data in which spores were 1-week manually lagged. Only 415 species that produced fruiting bodies for at least two weeks were considered for analysis. As 416 mushroom fresh weight, dry weight, and the number of mushrooms ha -1 were highly correlated 417 (P<0.001; R 2 = 0.9), we only used fruiting body counts for analysis. Data were modeled with 418 plots defined as random to deal with the intra-plot variation and either qPCR data (L. vinosus) or
419
MiSeq data (for each species) were used as explanatory variables.
420
Relationship between fungal spores and mushroom yields at plot level
421
The distribution of fungal spores and mushroom counts at the spatial scale was obtained by 422 ordinary kriging interpolating each value using the inverse distance weighting (IDW) function.
423
Interpolated values were graphically represented using Universal Transverse Mercator (UTM) 424
coordinates (European Datum 1950, ED50). The relationship between spores and fruiting bodies
425 over the plots was tested with LME models, using only species found in more than two plots. In 426 this case, data were modeled with week defined as random to deal with the temporal variation.
427
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Frequency refers to the order of frequency in terms of the total number of MiSeq reads among the whole propagule community. 
